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PREFACE 


This  species  profile  is  one  of  a  series  on  coastal  aquatic  organisms, 
principally  fish,  of  sport,  commercial,  or  ecological  importance.  The  profiles 
are  designed  to  provide  coastal  managers,  engineers,  and  biologists  with  a  brief 
comprehensive  sketch  of  the  biological  characteristics  and  environmental 
requirements  of  the  species  and  to  describe  how  populations  of  the  species  may  be 
expected  to  react  to  environmental  changes  caused  by  coastal  development.  Each 
profile  has  sections  on  taxonomy,  life  history,  ecological  role,  environmental 
requirements,  and  economic  importance,  if  applicable.  A  three-ring  binder  is 
used  for  this  series  so  that  new  profiles  can  be  added  as  they  are  prepared. 
This  project  is  jointly  planned  and  financed  by  the  U.S.  Army  Corps  of  Engineers 
and  the  U.S.  Fish  and  Wildlife  Service. 

Suggestions  or  questions  regarding  this  report  should  be  directed  to  one  of 
the  following  addresses. 

Information  Transfer  Specialist 
National  Wetlands  Research  Center 
U.S.  Fish  and  Wildlife  Service 
NA\A.-S1  idel  1  Computer  Complex 
1010  Gause  Boulevard 
Slidell,  LA  70458 


or 

U.S.  Army  Engineer  Waterways  Experiment  Station 
Attention:  WESER-C 
Post  Office  Box  631 
Vicksburg,  MS  39180 
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Figure  1.  A.  Summer  flounder  (Powell  1974),  B.  Winter  flounder 
(Martin  and  Drewry  1978). 


SUMMER  AND  WINTER  FLOUNDER 


NOME NCLh T ... R E  /  ThXGNOMY/RANGE 
Summer  trlounder 


Scientific  name . Par  al  ichthys 

den tat us  w" 

Preferred  common  name . Summer 

flounder  (Figure  1A) 

Other  common  names . Flounder, 


fluke,  plaice  fish,  plaice,  oi a ise, 
SDiaice,  chicken  halibut,  flounder 
of  New  fork,  common  flounder,  brail. 


turbot,  flatfish,  longtoothed  floun¬ 
der 

Class . Osteichthyes 

Order . Pleuronecti  formes 

Fami  ly . Both  ioae 

Geographic  range:  The  summer  flounder 
prefers  estuarine  and  shelf  waters 
of  the  Atlantic  Ocean,  It  is  found 
between  Nova  Scotia  and  the 
southeastern  coast  af  Florida  but  is 
most  abundant  from  Cape  Cod, 
Massachusetts,  to  i.ape  Hatteras, 
North  Carolina  (Hildebrand  and 
Schroeder  1928).  Distribution  in 


the  mid-Atlantic  region  is  shown  in 
Figure  2. 

winter  -lounger 

Tcientific  name . PseuuoDleuronectes 

rjner  i-tanus 

Preferred  common  name . .Ninter 

f 1 ounoer  F i uure  IB ) 

Other  common  names . Flatfisn, 

]  ackb ac k  ,  Georges  Sank  flounaer, 
lemon  sole,  flounder,  sole,  rough 
flounuer,  p  1  i  e  rouge,  carrelet, 
halibut,  holibut,  dab. 

Cl  ass . Osteichtnyes 

Orcer . Pleuronecti  formes 

F am i  ly . Pleuronect’aae 

Geographic  range:  The  winter  flounder 
has  a  broad  range,  occurring  from 
buttle  Harbor  and  Windy  Tickle, 
Labrador,  to  Beaufort,  North 
Carolina,  but  is  most  common  in 
estuaries  between  the  Gulf  of  St. 
Lawrence  and  Chesapeake  Bay. 
Distribution  in  the  Mid-Atlantic 
Region  is  shown  in  Figure  t. 


MORPHOLOGY/ 1 DF  NT l F 1  CAT  I  Oh  n 1 DS 
Summer  Flounder 

The  body  if  the  summer  flounder 
is  laterally  flattened;  a  margin  of 
the  preopercle  is  tree;  and  the  eyes 
are  on  the  left  sidp.  The  bases  rf 
both  pelvic  fins  are  short.  The 
ocular  side  of  the  fish  ranges  from 
tan  to  dark  brown  and  has  numerous 
oceilated  spots.  Five  prominent  spots 
are  arranged  in  two  triangles  with  a 
common  apex  on  the  lateral  line; 
however,  this  configuration  is 
generally  lacking  in  1 arger  specimens. 
The  fish  are  able  to  blend  into  their 
background  by  adapting  to  the  texture 
and  color  of  the  substrate  on  which 
they  live. 

Meristic  characteristics:  Dorsal 
rays,  80-98;  anal  rays,  63-78; 
pectoral  rays,  10-13;  vertebrae  40-43 
(Smith  and  Daiber  1977);  gill  rakers 
on  lower  limb  of  first  arch  14-19. 
Average  head  length  and  average  upper 


jaw  length  are  contained  3.96  and  2.05 
times,  respectively,  in  standard 
length  (SL)  (Hildebrand  and  Schroeder 
1928).  The  scales  are  ctenoid.  Late 
postlarvae  of  summer  flounder  have  a 
well-defined  band  of  black  pigment 
along  the  anterior  two-thirds  of  the 
anal  fin  and  a  similar  band  along  the 
anterior  four-fifths  of  the  dorsal  fin 
(Figure  3d)  which  are  lacking  in  the 
southern  flounder  (Para! ichthvs 
1  ethostioma)  and  the  gulf  flounder  (P. 
al  bigutta) .  Summer  flounder 
postlarvae  typically  have  40-42  total 
vertebrae  while  southern  flounder 
postlarvae  have  37  or  38  and  gulf 
flounder  postlarvae  have  36-38. 
Summer  flounder  postlarvae  have  81-94 
dorsal  rays  and  61-74  anal  rays,  while 
gulf  flounder  postlarvae  have  72-82 
dorsal  rays  and  53-63  anal  rays 
(Deubler  1958) . 

Winter  Flounder 

The  winter  flounder's  body  is 
ovate  and  laterally  compressed.  The 
eyes  are  on  the  right  side,  separated 
by  a  narrow  scaled  ridge;  the  upper 
eye  is  near  the  edge  of  the  head.  The 
mouth  is  of  moderate  size  and  the 
length  of  the  maxillary  on  the  blind 
side  is  less  than  one-third  that  of 
the  head.  Winter  flounder  are  olive 
green  to  reddish-brown  in  color  and 
sometimes  have  a  few  rusty  spots.  The 
lateral  line  is  nearly  straight.  The 
dorsal  fin  originates  opposite  the 
forward  edge  of  the  eye  and  is  of 
nearly  equal  height  throughout  its 
length. 

Meristic  characteristics:  Dorsal 
rays  56-81;  anal  rays  47-54;  pectoral 
rays  10-11;  gill  rakers  on  lower  limb 
of  first  arch,  7-8;  vertebrae,  36. 
Average  head  length  is  4.0  cm 
(Hildebrand  and  Schroeder  1928;  Pierce 
and  Howe  1977).  The  scales  are 
ctenoid. 

REASON  FOR  INCLUSION  IN  SERIES 

The  summer  flounder  is  an 
important  commercial  and  recreational 
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Figure  2.  Distribution  of  the  Summer  and  Winter  flounder  in  the  mid-Atlantic 
region. 
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species  along  the  Atlantic  seaboard  of 
the  United  States  and  is  the  major 
recreat Tonally  caught  flounder  of  the 
mid-Atlantic  inshore  waters.  There 
are  three  major  commercial  fisheries: 
the  inshore  summer  fishery;  the 
offshore  winter  fishery;  and  a  fall 
and  winter  trawl  fishery  inside  the 
20-fathom  (36-m)  contour  that 
developed  on  the  Virginia  and  North 
Carolina  coast  in  the  1960's 
(Hildebrand  and  Schroeder  1928; 
Scarlett  1981). 


^  I  F  E  r-  [  ,TJR  v 

Reproauct ive  Physiology/ strategy 

Adult  female  summer  flounder,  on 
the  average,  ire  bO  n,m  longer  ;  in 

total  length,  TL)  than  males  at  first 
attainment  of  sexual  maturity  in  the 
Mid-Atlantic  Bight  (Morse  1981).  The 
summer  flounder  appears  to  become 
sexually  mature  by  the  age  of  II 
(Morse  1981).  Gonads  of  summer 
flounder  ripened  from  mid-August 
through  November  in  the  Delaware  Bay; 
the  fish  moved  offshore  to  spawn  in 
the  winter  (Smith  and  Daiber  1977). 
Morse  (1981)  reported  that  summer 
flounder  have  a  protracted  spawning 
season  of  variable  duration  with  early 
maturation,  high  fecundity,  serial 
spawning,  and  extensive  migrations 
across  the  continental  shelf.  Life 
history  parameters  are  determined  by 
local  genetic  and  environmental 

factors. 

The  number  of  maturing  ova  in 
summer  flounder  is  highly  correlated 
with  weight  and  length.  Fish  in  the 
Mid-Atlantic  Region  between  366  and 
680  mm  TL  have  an  estimated  0.46  to 
4.19  million  ova  (Morse  1981). 

Total  egg  count  of  winter 
flounder  ranged  from  0.435  million  for 
an  age -  III  fish  to  3.329  million  eggs 
for  an  age-V  fish  captured  off 
Massachusetts  (Topp  1968).  The 
regression  equation  for  the 
relationship  of  fecundity  to  fish 


weight  for  winter  flounder  was  as 
follows: 

In  F  *  0.1605  +  1.0659  In  W  (N  -  30) 
where  W  is  weight  in  grams. 


South  Atlantic  Bight  (Smith  1973). 
Adult  summer  flounder  move  back 
inshore  to  estuaries  or  coastal  waters 
in  the  winter  and  spring  (Wilk  et  al . 
1980). 

Spawning 

In  tne  South  Atlantic  oignt, 
spawning  times  ana  habitats  of  summer 
flounder  are  poorly  documented.  -,a$ed 
on  collections  of  newly  hatched 
larvae,  commercial  eaten  rates,  and 
generalized  coastal  and  shelf  trawling 
surveys,  seasonal  migration  patterns 
of  adult  nsn  nave  oeen  deduced.  It 
is  known  tnat  summer  flounder  migrate 
offsnore  during  cooler  months.  In 
late  fall,  winter,  or  early  spr’nq 
they  spawn  near  the  bottom  ^f  shelf 
waters  30-200  in  deep.  The  genetically 
distinct  populations  north  ana  south 
of  tape  N  a  t  t  e  r  a  s  may  behave 
d i f f erent 1 y . 

Between  Cape  Cod,  “•  assaenusetts, 
ano  Cape  Lookout,  North  Carolina, 
spawning  of  summer  flounder  began  n 
September  ;Smitn  1973).  In  the  survey 
by  smith  t  1  9 7 3  i ,  spaw-inq  continued 
through  December  in  the  northern  part, 
and  through  February  to  the  south. 
Spawning  in  the  Mid-*tl antir  Region 
continues  into  February  ann  "arch  in 
some  years  and  probably  begins  north 
)f  Chesapeake  Say  and  progresses 
southward  m  a  cycle  that  ends  in  tne 
Sc „ t. h.  A t!  antic  Rigr>t  ;  $m i 1 n  19/3 1 . 
Adult  summer  flounder  move  back 
inshore  to  estuaries  or  coastal  waters 
in  fhe  winter  and  spring  Iwilk  et  al. 
1980)  . 

Spawning  times  of  the  winter 
flounder  are  variable,  like  those  of 
the  summer  flounder;  spawning  occurs 
first  in  the  southern  part  of  the 


range  and  progressively  later  towards 
the  north  ir  keeping  with  water 
temperature*-  spawning  occurs  inshore 
from  Nr  ver  ier  through  June  from 
Newfoundland  to  Oelaware.  Male  winter 
flounder  in  northern  (Canadian)  waters 
showed  spermatogenesis  and  gonad 
development  6  months  before  the 
spawning  season  (which  was  in  May  to 
June).  Oocytes  may  take  three  years 
to  mature.  Nonreproducti ve 

individuals  occur  in  the  spawning 
season,  jut  condition  factors  are  less 
in  these  fish.  They  may  be  conserving 
resources  to  spawn  after  a  later 
feeding  season  with  abundant  food 
where  their  condition  factor  is  higher 
(Burton  and  Idler  1984). 

Sail  a  (1961)  showed  with  tagging 
studies  that  winter  flounaer  returned 
•  ’  "he  tagging  ■  a  c  a  1 i t  v  w  i  t  n  nigh 
frequency  over  one  year  of  recovery 
ii  u  i i  $n  oisoersea  from  the 
breeding  grounds  in  summer  and 
returned  in  winter,  'he  same  breeding 
area  was  not  always  successfully 
’ocated  Sail  a  1961;. 

winter  ‘lounder  spawn  in  shallow 
inshore  waters  (Jeffries  and  Johnson 
i 9 7  4  j  ,  Spawning  occurs  at  night 
Jreder  1922).  !n  observations  by 
Jreoer  1922)  in  tne  laboratory, 
spawning  is  preceded  by  extensive 
swimming  in  spirals.  The  females 
extrude  eggs  in  wide  counterclockwise 
SDi'-als  due  to  the  centrifugal  force 
, Jreder  1922!. 

r  ■;  js 

Eggs  of  the  summer  flounder  are 
pelagic.  Incubation  time  in  the 
laboratory  was  9  days  at  5  *C  and  2-3 
days  at  21  *C.  Mean  diameter  of 

mature  unfertilized  eggs  is  0.98  mm. 
Yolk  occupies  about  95%  of  the  egg 
volume  (Johns  et  al .  1981). 

Winter  flounder  eggs  are  minute, 
demersal,  and  adhesive,  sinking  to  the 
bottom  (Breder  1924).  The  adhesive 
eggs  averaged  0.81  mm  (Breder  1924)  or 
0.61  mm  (Topp  1968)  in  modal  diameter. 


They  clump  together  after  fertili¬ 
zation,  thus  often  becoming  distorted 
and  ovoid  in  shape  (Breder  1924). 

!_arvae 

\  o  t  o  c  h  o  r  d  length  f  summer 
flounaer  was  about  3.0  "mi  at  haich-ng 
in  the  laboratory  and  was  about  3.6  mm 
when  yolk-sac  absorption  was  complete 
(Johns  et  al .  1981).  Growth  until  tre 
absorption  of  the  yolk  sac  is  complete 
is  not  temperature  dependent.  Larvae 
that  hatch  at  both  11  0(3  and  21  °C 
grow  to  about  3.6  mm  notochord  length 
within  6  days  ’fter  natchinq  .Johns  et 
al .  1931).  Xo  data  on  larval  feeding 
habits  is  available. 

Larvae  of  summer  flounder  are 
transported  to  estuarine  nursery  areas 
by  currents.  Greater  densities  of 
young  fish  were  found  in  or  near 
inlets,  and  greater  numbers  were 
captured  during  periods  of  the  full 
moon  (Williams  and  Deubler  1968). 

In  larval  winter  flounder  '  mm 
TL),  tne  digestive  tract  is  complete! y 
developed;  the  eyes  are  d  lamented;  ana 
the  mouth  1  s  fully  f  u n  c  t i o  n  a  ' 

v  S  u 1 1 1 v  a  n  1914). 

Sullivan  1914',  wno  described 
the  winter  flounaer  larva  f  r c - 
natching  to  tne  end  of  tne  secern 
month  in  tne  1 aboratory ,  divined  ts 
larval  mstory  '  n  t  o  *  :ur  stages  wmer 
he  selected  to  snow  1 i a  g  n o  s  t i s 
character istics  for  •  lent  i f icat i on . 


Stage  1  -  A  grotto  o*  iarx  pigment. 

soots  on  tne  posterior  hal"  pf 
the  body  -s  tne  'Host  importer" 
c  n  a  r  a  c  t  e  r  (  o  r  ■  a  e  n  t  i  f  i  c  a  t  i  o  n . 
'ne  not  icnora  s  present  ■; s  \ 
stra’gnt  tube.  voix  ?.r serpt i on 
is  gradual  and  varies  w i t  n 
temperature . 

Stage  'T  -  *olk  absorbed,  age  12  days, 
l^ngtn  5 


Stage  II!  -  Metamorphosing  larva  5-7 
weeks  old  and  5.8  mm  1  ■  ng . 

jtagc  IV  -  Postlarva  about  8  weeks 
old  and  6.5  mm  long;  average  body 
depth  2.75  mm. 


Ju\ en  1 1 es 

Young  summer  flounder  are  -6  mm 
long  when  they  f;rst  move  into 
estuaries  Weinstein  et  al  .  1980).  In 
the  Cape  Fear  River  Estuary,  North 
Carolina,  postlarvae  first  entered 
tne  marshes  in  March  and  April 
!weinste;n  1979).  Prior  to  late 
summer,  juvenile  summer  flounder  were 
randomly  distributed  in  an  estuary, 
b1  S  in  late  summer  and  early  fall. 
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yo uno-nr-year  winter  flounder  remain 
'  n  snaliow  waters  of  bays  and 
-stuaries  .mere  they  were  spawned. 

am  v  .oves  .«•.  ear  to  be  preferred 
habitats  of  these  fish  (Hildebrand  and 
Schroeder  1928) . 

The  juveniles  are  preyed  upon  by 
summer  flounder,  striped  bass, 
bluefish,  and  other  species  of  fish  of 
larger  size;  cormorants  and  harbor 
seals  are  also  predators.  The  young 
are  found  from  June  through  November 
from  Mystic  River,  Connecticut,  to 


Long  Island  Sound.  In  the  Upper 
Mystic  Estuary  and  Long  Island  Sound, 
between  July  and  February,  the  average 
length  of  the  young  was  23  mm  TL 
(Pearcy  1962).  Juveniles  have  been 
observed  year-round  in  Long  Island 
Sound  and  are  abundant  from  June  to 
October  in  Shinnecock  and  Peconic  Bay, 
Long  Island.  March  through  November 
is  a  peak  period  in  the  Delaware  River 
Estuary.  Off  Massachusetts,  only 
about  73%  of  the  juveniles  moved 
offshore  in  the  spring  and  summer 
seaward  migration  (Howe  et  al .  1976). 
In  Narragansett  Bay,  Rhode  Island, 
smaller  fish  (10-20  cm  long)  do  not 
migrate  beyond  the  headlands  in  spring 
(Jeffries  and  Johnson  1974). 

Tee  Figures  3  and  4  for  general 
development  of  both  species. 


Adults 

S  a i 1  a  e  t  a  1  .  (1965)  prepared 

age-weight  tables  for  winter  flounner 
oaugnt  in  Charlestown  Puna  ana  Yarm- 
g  an  sett  day,  ~  he  a  e  Island.  Tr.e 
average  weight  of  12-year-old  speci¬ 
mens  was  calculated  to  be  874  g. 
"be  largest  recorded  adult  was  570  mm 
I  TL }  and  was  probably  considerably 
older  tnan  12  years  \ Bigelow  anj 
Scnroeder  1953). 

Off  southern  Massachusetts, 
winter  flounder  moved  seaward  to 
deeper  water  in  the  spring  and  summer 
months,  but  usually  remained  within 
the  55-m  depth  contour  (Howe  and 
Coates  1975).  This  seaward  movement 
may  have  been  an  avoidance  of  the 
temperature  rise  in  the  nearshore 
waters . 

Annual  natural  mortality  rate  for 
winter  flounder  in  the  Mid-Atlantic 
Region  was  estimated  at  27%  (Howe  and 
Coates  1975).  Winter  flounder 
dominated  the  catch  of  a  research 
trawl  and  represented  50%-90%  of  all 
individuals  in  Narragansett  Bay 
(Jeffries  and  Johnson  1974). 


Figure  3.  The  general  development  for  the  summer  flou 
adult.  (Martin  and  Drewry  1978). 
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Figure  4.  The  general  development  for  winter  flounder  from  hatching  to  adult 
A.  newly  hatched;  8.  19  day  larva;  C.  larva;  D.  juvenile  (Martin  and  Drewr 

1978) . 
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Table  1.  Weight-length  regressions  for  summer  flounder,  where  log, »  weight 
(g)  =  a  +  b  1og,n  length  (mm)  and  r  =  correlation  coefficient  (Rogers  and  Van 
Den  Avyle  1983). 1 


Location  and  source 

a 

b 

r 

Pamlico  Sound,  North  Carolina 
(Powell  1974) 

-5.254 

3.099 

0.99 

Mid  Atlantic  Bight 
(Wi lk  et  al  .  1978) 

Males 

Females 

-5.289 

-5.578 

3.126 

3.226 

0.96 

0.98 

GROWTH  CHARACTERISTICS 


Growth  Rates  and  Length-Weight  Rela¬ 
tionships 


In  the  Mid-Atlantic  Region, 
growth  rate  of  age  1+  summer  flounder 
decreases  from  north  to  south.  A 
substantial  shift  in  size  at  age  I 
from  26  mm  in  New  Jersey  to  16  mm  In 
South  Carolina  may  result  from 
differences  in  growth  rates  and 
spawning  times;  peak  spawning  in  New 
Jersey  is  in  November  while  it  may 
occur  as  late  as  March  in  South 
Carolina  (Smith  et  al .  1981).  Growth 
of  young-of-the-year  ceased  toward  the 
end  of  their  first  year  in  fall  and 
did  not  resume  again  until  spring  when 
the  fish  were  yearlings  (Powell  and 
Schwartz  1977).  Table  1  shows  the 
length-weight  relationships  of  summer 
flounder  for  Pamlico  Sound,  North 
Carolina,  and  the  Mid-Atlantic  Bight 
(Rogers  and  Van  Den  Avyle  1983). 

Pearcy  (1962)  published  com¬ 
prehensive  data  on  growth  rates  of 
young-of-the-year  winter  flounder  from 
the  Mystic  River  Estuary  and  noted 
seasonal  changes  in  growth,  because 
metamorphosis  was  not  completed  until 
lane,  growth  during  the  first  2  months 
was  underestimated  and  was  excluded 
‘'•on  analysis.  Growth  of  otoliths 
after  deposition  of  the  ooaaue  center 
was  variable;  consequently  the  age  of 
the  young-of-the-year  cannot  be 


determined  on  the  basis  of  otolith 
Ch ar ac t er  i  st ics .  Mean  daily  growth 
rates  of  winter  flounder  (in  dry 
weight)  were  greater  at  3  °C  (10.1%) 
than  at  5  (5.8%)  or  at  2  °C  (2.6%), 

as  shown  by  Laurence  (1975). 

Growth  in  weight  for  winter 
flounder  was  estimated  by  Pearcy 
(1962)  who  took  average  length  of 
flounder  in  millimeters  at  the 
beginning  of  each  month  and  converted 
it  to  weight  in  grams  by  the  formula: 
w=0.000017xl3  (Figure  5).  Females  are 
generally  larger  than  males  of  the 
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Fiaure  5.  Average  monthly  weight  gain 
for  winter  flounder  in  the  Mystic 
River  estuary  pearcy  1962). 
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'able  2.  Estimated  lenqtn  (mm  TL)  at 
age  for  winter  flounder  south  of  (Jape 
Jod  off  Massachusetts  (Howe  and  Coates 
1975) . 


Aqe 

Length  (mm  TL) 

Mai  es 

Females 

.11 

252 

294 

IV 

301 

350 

V 

340 

390 

VI 

370 

413 

VI  I 

393 

433 

VIII 

411 

452 

IX 

425 

462 

X 

436 

469 

XI 

445 

474 

XI  I 

452 

473 

same  age  (Table  2)  and  grow 
s  ign  i  f icant 1 y  faster  (Howe  and  Coates 
1975) . 


THE  FISHERY 
Commercial  Fisheries 

In  the  late  1920's,  as  trawlers 
from  northern  ports  moved  south  to 
exploit  flounders  and  other  species, 
the  Cape  Hatteras  winter  trawl  fishery 
was  initiated  (Pearson  1932). 

The  average  total  annual  landings 
for  1974  through  1973  in  North 
Carolina  were  about  5.4  million  kg, 
valued  at  $9.7  million  National 
Marine  Fisheries  Service  1980). 

Edwards  (1968)  computed  biomass 
of  winter  f]ounder  on  the  Continental 
Shelf  of  New  England  by  calculating 
the  average  catch  in  pounds  per  tow 
made  by  the  1963-66  groundfish  survey 
using  a  "36  Yankee"  trawl  (0.5  inch 
cod  end  liner).  Biomass  was 
calculated  by  multiplying  catch  per 
tow  by  3  correction  factor  which  was 
the  number  of  square  miles  for  each 
zone  uividea  by  the  area  swept  by  the 


net  in  each  tow.  After  the  use  of  a 
second  correction  factor  that  elimi¬ 
nated  remaining  biases,  standing  crop 
for  inshore  waters  of  New  England  was 
estimated  at  90  million  pounds.  Off 
southeastern  Massachusetts,  the  winter 
flounder  supports  a  coastal  ground 
fishery  in  spring  and  autumn  and  an 
offshore  fishery  in  summer  (Howe  et 
al .  1976).  In  a  nearby  area,  fishing 
pressure  was  not  correlated  with 
depression  in  abundance  of  the  inshore 
spawning  stock  (Jeffries  and  Johnson 
1974). 

Smolowitz  (1983)  demonstrated 
that,  when  used  to  catch  winter 
founder,  trawl  nets  with  an  average 
mesh  size  of  133  mm  in  the  cod  end 
(large  mesh)  decreased  weight  of 
discarded  fish  by  73%  compared  to  nets 
averaging  103  mm  in  the  cod  end  (small 
mesh) . 

Recreational  Fisheries 

Compared  to  catches  in  the  Mid- 
Atlantic  Sight,  the  recreational  catch 
of  summer  flounder  in  the  South 
Atlantic  Sight  is  minor.  In  the  South 
Atlantic  Sight,  -North  Carolina 
fishermen  take  72%  of  the  total  catch. 
Fish  less  than  five  years  old  make  up 
most  of  •'ecreat i onal  eaten  in  tne  Mid- 
Atlantic  Sight. 

Briggs  (1965),  wno  calculatea 
catch  rate  of  winter  flounder  per  unit 
of  effort  (16-20  fish/  angler/trip)  by 
sportsmen  fishing  f^om  five  types  of 
boats  in  four  locations  jrouno  Lonq 
Island  for  each  month  in  1961-o3, 
showed  that  catch  was  highest  in 
spring  ana  lowest  in  summer. 

Population  Dynamics 

Identification  of  tne  summer  and 
winter  flounder  stocks  and  stock- 
soecific  biological  traits  is 
necessary  for  proper  management,  since 
genetically  distinct  stocks  can  nave 
different  rates  of  recruitment, 
growth,  and  mortality.  The  existence 
of  three  spawning  -opulations  was 
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proposea  by  Smith  (  1973)  (one  each 
from:  Cape  Cod  to  Delaware  Bay; 
Virginia  to  Cape  Hat  ter  as,  North 
Carolina;  Cape  Hatteras  to  Cape 

Lookout,  North  Carolina).  Wilk  et  al . 
(1980)  used  discriminant  analysis  of 
morphometric  characters  to  conclude 
that  summer  flounder  from  the  Mid- 
Atlantic  and  South  Atlantic  Bights 
constitute  two  separate  stocks  divided 
by  Cape  Hatteras.  The  distribution  of 
juveniles  in  Pamlico  Sound  is 
ubiquitous,  and  the  estuary  is 
accessible  to  both  stocks.  Juveniles 
in  Pamlico  Sound  may  exit  to  join  the 
stock  offshore  to  which  they  belong. 


Pierce  and  Howe  (1977)  suggest; 
on  the  basis  of  fin  ray  counts,  that 
winter  flounder  south  of  Cape  Cod 
(including  Martha's  Vineyard  but  not 
Buzzards  Bay)  be  managed  as  a  unit 
stock.  Saila  (1962a,  b),  who  compared 
sex  ratios  of  winter  flounder  in 
Narragansett  Bay,  Rhode  Island,  with 
those  from  Charlestown  Pond,  Rhode 
Island,  concluded  that  the  higher 
proportion  of  females  than  males  in 
the  catch  was  due  to  catch  selectivity 
for  larger  fish:  females  are 

considerably  larger  than  males  and  the 
market  preference  is  for  larger  fish. 


ECOLOGICAL  ROLE 


Hood  Habits 


It  has  been  suggested  that 


habits.  Throughout  their  range, 
adults  maintained  a  varied  diet  from 
polychaetes  to  fish  eggs.  Their  diet 
is  related  to  size:  the  larger  the 
individual,  the  greater  the  size  of 
the  food  item  to  be  consumed.  Tne 
major  food  types  of  winter  flounder 
were  polychaetes  and  amphipods  for 
fish  11-26  cm  long  from  April  to 
October  *  Worobec  1984).  s'-edcmi'iant 
sizes  of  nve-teorar.es  eaten  were 
similar  to  predominant  sizes  in  the 
habitat  for  winter  flounder  2 5-29  cm 
long,  but  fish  30-35  cm  long 
selectively  chose  larger  prey  (Levings 
1974).  winter  flounder  in  Canada  did 
not  feed  until  after  spawning  at  tne 
start  of  the  seaward  migration,  when 
they  began  feeding  on  polychaetes  and 
larqe  amphipods  (Jeffries  ana  Johnson 
1974) . 


Feeding  Behavior 


Adult  summer  flounder  feed  in 
estuaries  and  shelf  waters  and  are 
more  active  during  daylight  hours 
(011a  et  al .  1972;  Smith  and  Oaiber 
1977).  Summer  flounder  can  feed 
equally  well  in  the  water  column  or  on 
the  bottom.  Bottom  feeding  is  always 
preceded  by  an  active  search,  and 
benthic  prey  is  usually  stalked. 
Searching,  stalking,  active  eye 
motion,  and  visual  fixation  on  prey 
during  the  day  indicate  that  summer 
flounder  are  primarily  visual  feeders 
then  (011a  et  al .  1972). 


zooplankton  and  small  crustaceans  a^e 
eaten  by  larval  and  postlarval  summer 
flounder,  but  supporting  data  is 
lacking.  Mysid  shrimp  and  s;n  a  I  1  fish 
are  tne  diet  of  juveniles,  ana  aduits 
feea  on  fish  ana  lysid  ana  lecapod 
crustaceans  -nldeorand  and  Cchroeder 
1928 ;  Smith  and  (Jaioer  1977;  Powell 
ana  Schwartz  1379/. 

Sullivan  i  1914  :  stated  t  n  a  t 
winter  flounder  larvae  did  not  eat 
until  after  yolk  absorption.  Pearty 
■1962)  presents  a  aetailea  account  of 
larval  ana  young  juvenile  feeding 


Winter  flounder  feed  partly  by 
sight.  They  lie  still  on  the  bottom 
just  before  lunging  at  prey.  They  are 
inactive  from  within  30  minutes  after 
evening  twilight  until  the  beginning 
of  morning  twilight.  Fish  feed 
throughout  the  day  (011a  et  al .  1969). 

Paras i tes 

The  mi crospor  i  dean  protozoan 
Glqqea  stepham  infected  :V  ,T  winter 
flounder  sampled  from  tne  1  ?.n»  >c 

Region;  the  infection  is  me  sec 
round  (Takvorian  and  cal'.  19»4  . 
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ENVIRONMENTAL  REQUIREMENTS 
Temperature  ana  Salinity 

Altnough  the  summer  flounder  is 
tolerant  of  a  wide  range  of  chemical 
and  puysical  conditions,  such  factors 
ao  influence  its  biology.  A  thermal 
shock  (temperature  increase)  of  2U  °C 
above  an  acclimation  temperature  of 
auuui  15  °C  caused  no  mortality  in 
ecu  ly  embryo  stage  eggs  of  summer 
flounder,  but  a  shock  of  16  °C  for  16 
minutes  or  13  °C  for  2  minutes  raused 
mortality  in  late  embryo  stage  eggs 
(Itzkowitz  et  al.  1983).  Following  a 
thermal  shock  of  10  °C  above  an 
acclimation  temperature  of  15  °C, 
larvae  were  actually  less  susceptible 
to  predation  tnan  control  larvae 
(Oeacut's  1 9 7 8 ) .  In  the  Mid-Atlantic 
Eight  nortn  of  Chesapeake  Jay, 
spawning  and  the  offshore  limits  of 
migration  coincide  with  the  inshore 
edge  of  the  mass  of  cold  bottom  water 
which  disappears  along  with  the 
thermocline  in  November  (Smith  19/3). 
Growth  efficiency,  feeding  rate,  and 
assimilation  efficiency  of  juveniles 
is  directly  related  to  temperature 
under  laboratory  conditions  (Peters 
and  Angelovic  1971).  Growth  rate  and 
growth  efficiency  are  greatest  at 
sal i ni ti es  >10  ppt.  Summer  flounder 
were  found  at  salinities  of  12-35  ppt 
in  Pamlico  Sound,  over  sand  or  sandy 
mud  rather  than  silt  or  clay  (Powell 
and  Schwartz  1977).  Pamlico  Sound  is 
unusual,  however,  because  tides  are 
minor  and  salinities  are  uniform 
throughout  much  of  the  sound.  In 
estuaries  with  major  tides  that  affect 
the  horizontal  salinity  gradient,  or 
estuaries  with  different  substrate 
t y p e- s a  1 i n  i  t y  relationships,  the 
distribution  of  summer  flounder  might 
be  different  (Powell  and  Scnwartz 
1977). 

Viable  hatching  of  winter 
flounder  eggs  was  optimal  at  3  °C  and 
15-25  ppt  (Rogers  1976).  Yearling 
winter  flounder  prefer  a  temperature 
of  13.5  °C  (Casterlin  and  Reynolds 
1982).  After  acclimation  at  5  °C, 
winter  flounder  larvae  suffered  low 


mortality  during  4-64  minutes  of 
e>posure  to  a  thermal  shock  of  22  *C 
( Itzkowitz  and  Schubel  1983).  Thermal 
shocks  of  28-30  *C  for  4  minutes 
produced  100%  mortality.  Larvae 
entrained  in  the  cooling  water  systems 
of  power  plants  encounter  thermal 
shocks  of  5-23  *C  (Itzkowitz  and 
Schubel  1983).  Winter  flounder  (about 
10  cm  long)  had  an  upper  incipient 
lethal  temperature  (after  48  hours)  of 
about  29  *C  after  acclimation  at 
either  28  *C  or  22  *C  (Hoff  and 
Westman  1966).  Upper  incipient  lethal 
temperatures  were  19  *C  after 
acclimation  at  4  *C  and  26.5  *C  after 
acclimation  at  20  *C  (McCracken  1963). 
Winter  flounder  become  inactive  above 
22.2  *C  (011a  et  al .  1969). 

Lower  incipient  lethal 
temperatures  (for  48  hr  exposures) 
after  acclimation  at  28  *C  and  21  *C 
were  (respectively)  5.4  *C  and  1.0  *C 
(Hoff  and  Westman  1966).  In  a  seven 
year  study,  the  winter  flounder  catch 
was  negatively  correlated  with  degree- 
days  (an  estimate  related  to  average 
temperature)  over  the  previous  30 
months  (Jeffries  and  Johnson  1974).  A 
slight  increase  in  average  temperature 
'  0.5  °C)  may  hinder  recruitment  to 
the  tishery,  probably  through  indirect 
effects  on  the  ecosystem  (Jeffries  and 
Johnson  1974). 


Pol lution 


In  winter  flounder,  fin  rot 
disease  occurred  more  frequently  in  a 
polluted  area  (incidence  -11 £*16* ) 
than  in  unpolluted  waters  (3%)  in  the 
Mid-Atlantic  Region  (Ziskowski  and 
Murchelano  1975).  Fin  rot  prevalence 
was  relatively  low  in  southern  New 
England,  ten  offshore  waters  of  the 
New  York  Bight,  and  on  Georges  Bank 
compared  to  prevalence  in  the  Gulf  of 
Maine.  Lymphocystis  (a  viral  disease) 
was  most  common  in  offshore  waters 
between  Delaware  Bay  and  Massachusetts 
(Ziskowski  et  al .  1987).  In  the 

laboratory,  mortality  in  the  summer 
was  significantly  increased  in  winter 
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flounder  exposed  to  oiled  sediments. 
Feeding  rates  were  significantly  less 
in  fish  exposed  to  fresh  oil  in 
sediments,  but  little  or  no  response 
to  oiled  sediments  aged  for  1  year  was 
observed.  Reduced  feeding  in  response 
to  oil  contamination  could  deplete 
reserves  that  winter  flounder  need  for 
sustenance  and  reproduction  in  winter 
(Fletcher  et  al  1981).  No  feeding  or 
mortality  occurred  in  winter. 

Summer  flounder  larvae  survived 
exposure  to  high  concentrations  of  sea 
water  sediment  extract  from  Charleston 
Harbor,  South  Carolina,  better  than 
did  pinfish  larvae;  survival  was  100% 


(,  Ho  s  s  et  al.  19  74  ).  The  sediment 
extract  probably  contained  any 
contaminants  that  would  do  m  the 
Outfall  ; runoff!  from  a  pyxed  cisnnsal 
a* ea  for  areaged  material  taken  from 
the  harbor  (Hoss  et  al .  1974).  Fin 
rot  disease  in  summer  flounder  was 
slightly  more  common  in  the  inshore 
waters  of  the  New  York  and  New  Jersey 
coasts  than  in  more  offshore  waters 
(Ziskowski  et  al .  1987).  In  a  model 
of  the  effects  of  pollution  on  a 
multispecies  group  of  coastal  fishes, 
summer  flounder  showed  moderate 
effects  (depression  of  abundance)  but 
took  10-12  years  to  recover  (Schaaf  et 
al.  1987). 
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